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LASER BEAM SCANNER 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The invention relates to a laser beam scanner that scans a 
5 photosensitive medium with a laser beam and exposes an image on the photosensitive 
medium. 

2. Description of Related Art 

[0002] Laser beam scanners have become widely used in recent years. By 
way of example, Fig, 8 shows a main structure of a conventional laser beam scanner 

10 100. The laser beam scanner 100 comprises a laser source 101, a cylindrical lens 102, 
a polygon mirror 103, a first fB lens 104, a second f9 lens 105, a beam detector 106, a 
focusing lens 107, and a photosensitive drum 110. The laser source 101 has a 
semiconductor laser element for emitting a laser beam and a collimate lens that are 
integrated into a single unit. 

15 [0003] The laser beam emitted from the laser source 101 is converged by the 

cylindrical lens 102 and, then, is deflected by the polygon mirror 103. The deflected 
laser beam is converged by the first fB lens 104 and the second fB lens 105 onto the 
photosensitive drum 110. Herein, the first fB lens 104 has the ability to converge the 
laser beam in a main-scanning direction, while the second fB lens 105 has the ability 

20 to converge the laser beam in a sub-scanning direction. 

[0004] The laser beam reaches the focusing lens 107 before irradiating the 
photosensitive drum 110. When the laser beam is converged by the focusing lens 107 
to the beam detector 106, the beam detector 106 detects the laser beam, and 
determines a scan start time to start scanning an image area on the photosensitive 

25 drum 110. The beam detector 106 is arranged at a certain position to which the laser 
beam is converged, but out of the image area on the photosensitive drum 110. 

[0005] Further, there is provided another type of laser beam scanner. This 
type of laser beam scanner has a structure similar to the above-explained laser beam 
scanner, but further comprises a mirror for reflecting a laser beam that has passed 

30 through the second fB lens 105. The laser beam reflected by the mirror is converged 
by the focusing lens 107, and is detected by the beam detector 106. 
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[0006] The conventional laser beam scanners are applied, for example, to 
laser printers and digital copiers. The desire to miniaturize laser printers and digital 
copiers has grown in these application areas in recent times. Especially, saving space 
around the photosensitive drum 110 and the second fB lens 105 is an important issue, 
5 because both the photosensitive drum 110 and the second fB lens 105 have great 
widths in the main-scanning direction and occupy a large amount of space. 

[0007] However, every conventional laser beam scanner has to comprise the 
beam detector 106 and the focusing lens 107 arranged around the photosensitive drum 
110 and the second fB lens 105, so that the laser beam that has passed through the 
10 second fB lens 105 is converged to the beam detector 106 just before reaching the 
photosensitive drum 110. Such an arrangement makes it difficult to save space 
around the photosensitive drum 110 and the second fB lens 105. 

[0008] In addition, the conventional laser beam scanner has various kinds of 
lens (such as a cylindrical lens, an fB lens, and a converging lens), as described above, 
1 5 for properly bringing the laser beam into focus on the photosensitive drum 1 10 and on 
the beam detector 106. The lenses cannot share their individual functions with the 
other lenses. Thus, the laser beam scanner must have all of the lenses, thereby leading 
to high manufacturing cost, 

[0009] The invention has been developed to resolve the above-mentioned 
20 and other problems, and especially to provide a laser beam scanner that scans a 

photosensitive medium with a laser beam and exposes an image on the photosensitive 
medium. 

SUMMARY OF THE INVENTION 
[0010] According to the invention, there is provided a laser beam scanner 

25 for forming a scanning line along a main-scanning direction with a laser beam, 

comprising a laser diode that emits a laser beam; a first converging unit that converges 
the laser beam in a main-scanning direction; a second converging unit that converges 
the laser beam that has been converged by the first converging unit in a sub-scanning 
direction substantially perpendicular to the main-scanning direction; a scan start time 

30 determination unit that detects, within a predetermined detection area, the laser beam 
that has been converged by the first converging unit before being converged by the 
second converging unit, and determines a scan start time upon the detection of the 
laser beam; a photosensitive medium on which a scanning line is formed along the 
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main-scanning direction; and a scan controller that controls a start, at the determined 
scan start time, of scanning of the photosensitive medium with the laser beam that has 
been converged by the first converging unit and the second converging unit. 
[0011] In the conventional laser beam scanner, the scan start time 
5 determination unit detects the laser beam that has been converged by the first 
converging unit and the second converging unit. However, according to the 
invention, the scan start time determination unit detects the laser beam that has been 
converged in the main-scanning direction by the first converging unit, before being 
converged by the second converging unit. Therefore, it is not necessary to provide the 
10 scan start time determination unit around the photosensitive medium and the second 
converging unit. This allows reducing the spaces around the photosensitive medium 
and the second converging unit, and develops a small version of the laser beam 
scanner. 

In addition, the laser beam scanner of the invention further comprises a third 
15 converging unit that converges the laser beam converged by the first converging unit 
and traveling to the scan start time determination unit, so that the laser beam falls 
within the predetermined detection area. It makes it possible for the scan start time 
determination unit to detect the laser beam precisely with a sufficient laser beam 
amount. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and advantages of the invention 
will become more apparent from the following description of exemplary embodiments 
taken in connection with the accompanying drawings in which: 

Fig. 1 is a cross-sectional view of a laser printer according to the invention, 
25 when viewed from a direction perpendicular to a sheet transporting direction; 

Fig. 2 is a perspective view of a laser beam scanner according to one 
embodiment of the invention; 

Figs. 3 A and 3B schematically show how the laser beam scanner of the 
invention scans a photosensitive medium with a laser beam in a main-scanning 
30 direction and in a sub-scanning direction, respectively; 

Figs. 3C and 3D schematically show how the laser beam scanner of the 
invention detects the laser beam by using a beam detector, when viewed along the 
main-scanning direction and along the sub-scanning direction, respectively; 
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Fig. 4A schematically illustrates the laser beam that is converged to the beam 
detector, when viewed along the sub-scanning direction; 

Fig. 4B schematically illustrates the laser beam that is not properly converged 
to the beam detector, when viewed along the sub-scanning direction; 
5 Fig. 4C shows a relationship between a slit and a beam spot converged in the 

main-scanning direction; 

Fig. 5 A shows a relationship between a slit and a beam spot that has been fully 
converged in both of the main- and the sub-scanning directions; 

Fig. 5B shows a detection waveform of the beam detector, when the beam 
10 detector detects the beam spot of Fig. 5 A; 

Fig. 5C shows a digital BD signal converted from the detection waveform of 
Fig. 5B; 

Fig. 6A shows a relationship between a slit and a beam spot that has not been 
fully converted in the main- and the sub-scanning directions; 
1 5 Fig. 6B shows a detection waveform of the beam detector, when the beam 

detector detects the beam spot of Fig. 6 A; 

Fig. 6C shows a digital BD signal converted from the detection waveform, of 
Fig. 6B; 

Fig. 7 is a perspective view of a laser beam scanner according to another 
20 embodiment of the invention; and 

Fig. 8 is a main structure of a conventional laser beam scanner, 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0013] An explanation will be given of a laser beam scanner in accordance 
with the invention based on the following exemplary embodiments. Herein, the 
25 exemplary embodiments refer to a laser beam scanner 12 provided in a laser printer 1. 

[0014] Firstly, the overall structure of the laser printer 1 will be described 
while referring to Fig. 1. Fig. 1 is a cross-sectional view of the laser printer 1 when 
viewed in a direction perpendicular to a sheet transporting direction. The front 
surface and the top surface of the laser printer 1 can be seen in directions indicated by 
30 arrows X and Y, respectively. 

[0015] The laser printer comprises a body frame 1 1 , a feed unit 1 9 including 
a sheet cassette (not shown in figures) in a lower part of the body frame 1 1 , a transport 
unit 18, a developing unit 17 including the photosensitive drum 77, a transfer roller 
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87, a fixing unit 15, a discharge unit 16, a sheet stack portion 69 and the laser scanner 
12 of the invention, being positioned above the developing unit 17. By the body 
frame 1 1, the overall shape of the laser printer 1 is formed in a generally 
parallelepiped shape. 

5 [0016] The feed unit 19 holds sheets P in the sheet cassette and feeds a sheet 

P to the transport unit 18. The transport unit 18 transports the sheet P from the feed 
unit 19 to an image transfer position located between the photosensitive drum 77 and 
the transfer roller 87. The developing unit 17 has the photosensitive drum 77, a 
developing roller 75, a supply roller 74, a blade 76 and a charger 78, and holds therein 

10 toner T. Whereupon the charger 78 charges the photosensitive medium 77 uniformly, 
the laser scanner 12 scans the charged photosensitive drum 77 with a laser beam based 
on the image data, thereby forming a latent image on the photosensitive drum 77. The 
supply roller 74 supplies the toner T to the developing toner T, while the blade 76 
scrapes excessive toner T from the developing roller 75 and adjusts the amount of the 

15 toner T on the developing roller 75 appropriately. The latent image is developed with 
the toner T, thereby forming a visible image. The transfer roller 87 transfers the 
visible image from the photosensitive drum 77 to the sheet P, by sandwiching the 
sheet P therebetween, at the image transfer position. The transport unit 18 further 
transports the sheet P with the transferred image to the fixing unit 15. The fixing unit 

20 15 sandwiches the sheet P between a heat roller 52 and a press roller 54, and heats and 
pressurizes the sheet P, so that the toner T is melted and penetrates into the fibers of 
the sheet P. By this, the image is fixed on the sheet P. The discharge unit 16 
comprises a discharge roller 55 and subsidiary rollers 56, 57 that are driven in 
synchronism with the discharge roller 55. The discharge unit 16 discharges the sheet 

25 P out of the fixing unit 15, by using the discharge roller 55 and the subsidiary rollers 
56, 57, onto the sheet stack portion 69. 

[0017] Next, the main structure of the laser beam scanner 12 according to 
one embodiment of the invention will be described with reference to Figs. 2 and 3A to 
3D. Fig. 2 is a perspective view of the laser beam scanner 12. Figs. 3 A and 3B 

30 schematically show how the laser beam scanner 12 scans the photosensitive drum 77 
with a laser beam LB in a main-scanning direction and in a sub-scanning direction, 
respectively. Figs. 3C and 3D schematically show how the laser beam LB is 
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converged to the beam detector 49, when viewed along the main-scanning direction 
and along the sub-scanning direction, respectively. 

[0018] The laser beam scanner 12 comprises a laser beam source 47, a first 
cylinder lens 13, a second cylinder lens 14, a polygon mirror 23, a first fB lens 21, a 
5 second fB lens 22, a mirror 25, a plate-shaped member 48 having a slit 48A therein, 
and a beam detector 49. The laser beam source 47 includes a laser diode 47A for 
emitting a laser beam LB and a collimate lens 47B (shown in Fig. 3) as an integrated 
unit. The first fB lens 21 has the ability to converge the laser beam LB in the main- 
scanning direction, while the second fB lens 22 has the ability to converge the laser 

10 beam LB in the sub-scanning direction. The first and the second cylinder lenses 13, 
14 are the same in this embodiment. 

[0019] The laser beam LB emitted from the laser beam source 47 is 
converged, principally in the sub-scanning direction, by the first cylinder lens 13 and 
is irradiated to the polygon mirror 23. All the while, the polygon mirror 23 rotates in 

15 a moving direction indicated by an arrow R of Fig. 2 at a high rotation speed, being 
driven by a scanner motor (not shown in figures). Thus, the polygon mirror 23 
deflects the laser beam LB so as to move the laser beam LB at a constant angular 
velocity. The laser beam LB deflected by the polygon mirror 23 is converged, 
principally in the main-scanning direction, by the first fB lens 21, as shown in Fig. 3 A. 

20 Further, the laser beam LB is converged, principally in the sub-scanning direction, by 
the second fB lens 22, as shown in Fig. 3B. The laser beam LB converged by the first 
and the second fB lenses 21, 22 scans the photosensitive drum 77 in the main-scanning 
direction, thereby forming a scanning line along the main-scanning direction on the 
photosensitive drum 77. 

25 [0020] Before scanning the photosensitive drum 77, the laser beam LB is 

reflected by the mirror 25. The reflected laser beam LB does not pass through the 
second fB lens 22. Instead, the reflected laser beam LB is passed through the second 
cylinder lens 14, that has the ability to converge the laser beam LB in the sub- 
scanning direction, and is converged, principally in the sub-scanning direction, as 

30 shown in Fig. 3D. Then, the laser beam LB passes through the slit 48A and reaches 
the beam detector 49. The laser beam LB, being converged by the first fB lens 21 and 
the second cylinder lens 14 to pass through the slit 48 A, has a light amount sufficient 
to be detected by the beam detector 49. The beam detector 49 receives the laser beam 
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LB, and determines a scan start time based upon the detection of the laser beam LB. 
The laser beam scanner 12 always starts scanning the photosensitive drum 77 based 
on the scan start time, so as to justify the scanning lines. 

[0021] Further, the photosensitive drum 77 rotates in a rotating direction 
5 indicated by an arrow M of Fig. 2, being driven by a stepping motor (not shown in 

figures), in synchronism with the scan start times. While the photosensitive drum 77 
rotates in the direction M, the laser beam LB successively scans the photosensitive 
drum 77 to successively form a plurality of scanning lines in the sub-scanning 
direction. By this, the photosensitive drum 77 is entirely scanned with the laser beam 

10 LB, so that a latent image is formed with the plurality of scanning lines on the 
photosensitive drum 77. 

[0022] Now, a relationship between a beam spot BS formed by the laser 
beam LB and a detection waveform of the beam detector 49 will be explained with 
reference to Figs. 4A to 4C, 5A to 5C, and 6A to 6C. 

1 5 [0023] Figs. 4A and 4B schematically illustrate how the laser beam LB is, 

and is not, converged to the beam detector 49, respectively, when viewed along the 
sub-scanning direction. The first ffl lens 21 and the mirror 25 are not illustrated in 
Figs. 4A and 4B ? although the laser beam LB is converged in the main-scanning 
direction by the first fB lens 21 and is reflected by the mirror 25 after being reflected 

20 by the polygon mirror 23, as described above. This is because the first fB lens 21 and 
the mirror 25 do not effect the optical path of the laser beam LB in the sub-scanning 
direction. For the same reason, the plate-shaped member 48 is not illustrated in Fig. 
4B. Fig. 4C shows a relationship between the beam spot BS converged in the main- 
scanning direction and the slit 48A. 

25 [0024] The laser beam LB reflected by the mirror 25 is converged by the 

second cylinder lens 14 before passing through the slit 48A. The slit 48A has a 
certain size with a height H, as shown in Fig. 4C. Thus, the laser beam LB needs to 
be converged so as to fall within the slit 48A. After passing through the slit 48A, the 
laser beam LB reaches the beam detector 49. When the second cylinder lens 14 is 

30 positioned appropriately, the laser beam LB is brought to a focal point on the beam 
detector 49, as shown in Fig. 4A. On the other hand, if the second cylinder lens 14 is 
not positioned appropriately, the laser beam LB will not come into a focus on the 
beam detector 49, as shown in Fig. 4B. 
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[0025] Fig. 5A shows a relationship between the beam spot BS that has been 
fully converged in both of the main- and the sub-scanning directions and the slit 48A. 
Fig. 5B shows a detection waveform of the beam detector 49, when the beam detector 
49 detects the beam spot BS of Fig. 5 A. Fig. 5C shows a digital BD signal converted 
5 from the detection waveform of Fig. 5B. 

[0026] As shown in Fig. 5 A, when the laser beam LB, of which the beam 
spot BS has been fully converged in both of the main- and the sub-scanning 
directions, passes through the slit 48A, the beam detector 49 detects the laser beam 
LB, indicating the detection waveform of Fig. 5B. This detection waveform is in 
10 analog form, and is converted to a digital BD signal of Fig. 5C by setting a threshold 
value VI . At this time, however, the threshold value VI varies with AV due to noise 
and jitters, as shown in Fig. 5B. This causes the digital BD signal to have an error Atl 
in time axis t, as shown in Fig. 5C. 

[0027] Fig. 6A shows a relationship between the beam spot BS, that has not 
1 5 been fully converged in the main- and the sub-scanning directions, and the slit 48 A. 

Fig. 6B shows a detection waveform of the beam detector 49, when the beam detector 
49 detects the beam spot of Fig. 6 A. Fig. 6C shows a digital BD signal converted 
from the detection waveform of Fig. 6B. 

[0028] As shown in Figs. 6A-6C, when the laser beam LB, of which the 
20 beam spot BS has not been fully converged in the main- and the sub-scanning 

directions, passes through the slit 48A, the beam detector 49 detects the laser beam 
LB, indicating the detection waveform of Fig. 6B. The waveform of Fig. 6B is 
broader than the waveform of Fig. 5B. By setting the threshold value VI, the 
detection waveform is converted to the digital BD signal of Fig. 6C. As the detection 
25 waveform of Fig. 6B is relatively broad, the variation AV in the threshold value VI 
generates a large error At2 in the digital BD signal of Fig. 6C. Apparently, the error 
At2 is larger than the error Atl . 

[0029] Further, as shown in Fig. 4C, when the laser beam LB, of which the 
laser spot BS has been converged only in the main-scanning direction (not converged 
JO in the sub-scanning direction), passes through the slit 48 A, the beam detector 49 
detects the laser beam LB, indicating the detection waveform similar to Fig. 5B. 
Accordingly, the beam detector 49 gives the digital BD signal similar to Fig. 5C. 
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[0030] In conclusion, when the beam spot BS has not been fully converged 
in both of the main- and the sub-scanning directions, the beam detector 49 gives the 
digital BD signal with the large error. However, when the beam spot BS has been 
fully converged in at least the main-scanning direction, the beam detector 49 can give 
5 the digital BD signal with very little error. 

[0031] According to the invention, it is therefore possible for the laser beam 
scanner 12 to determine the scan start time precisely by detecting the laser beam LB 
that is fully converged in at least the main-scanning direction. The laser beam LB 
only needs to pass through the first fB lens 21 before reaching the beam detector 49, 
10 but does not need to pass through the second fB lens 22. The second cylinder lens 14 
needs to have an ability to converge the laser beam LB in the sub-scanning direction, 
just to change the beam spot BS in size so as to fall within the slit 48 A. 

[0032] The positioning of the second cylinder lens 14 will be explained with 
reference to Figs. 4 A and 4B. Herein, L stands for a distance between the polygon 
1 5 mirror 23 and the beam detector 49 along an optical axis. LI and L2 stand for 

distances from the polygon mirror 23 to the center of the second cylinder lens 14 and 
from the center of the second cylinder lens 14 to the BD sensor 49, respectively 
(namely, L = LI + L2). Also, a focal length of the second cylinder lens 14 is referred 
to as fey. 

20 [0033] The following equation [1] holds while the laser beam LB is focused 

onto the beam detector 49. Both of the signs of the distances LI and L2 are plus. 
(l/fcy) = (l/Zl) + (1/L2) = L/(LIL2) [1] 
[0034] Based on the equation [1], it is apparent that the distance L (= LI + 
L2) becomes a minimum at the condition LI = L2 = 2fcy. In other words, the optics 
25 of the laser beam scanner 12 have to be arranged on the condition that the distance L 
is larger than or equal to 4fcy, so as to converge the laser beam LB in both of the 
main- and the sub-scanning directions on the beam detector 49. 

[0035] If such a condition is not satisfied (namely, the distance L is smaller 
than 4fcy), the laser beam LB can not be converged exactly and does not come into a 
30 focus on the beam detector 49, as shown in Fig. 4B. The outer edge of the laser beam 
LB passing through the second cylinder lens 14 deviates from the optical axis along 
the sub-scanning direction. 
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[0036] The following equations [2] to [5] hold in Fig. 4B. Herein, hi and h2 
respectively stand for deviations of the laser beam LB passing through the outmost of 
the second cylinder lens 14 and the beam detector 49 from the optical axis, 
respectively. Further, ul and u2 stand for angles between the optical axis and the 
5 outer edge of laser beam LB from the sides of the polygon mirror 23 and the side of 



the beam detector 49, respectively. 

h2 = h\-L2u2 [2] 
u2 = tanw2 = (hi/ fcy)-ul [3] 
Mlstanwl = /tl/Ll [4] 
10 L = L\ + L2 [5] 



[0037] The equations [2] to [5] lead to the following equation [6]. Equation 
[6] indicates the spread of the beam spot BS in the sub-scanning direction on the beam 
detector 49. 

h2 = Llul - L2{(Llulj fey) - ul} = (ul/ fcy^Lfcy - LLl + LI 2 ) [6] 
15 [0038] Now, the following equation [7] can be defined, when a length of the 

slit 48A along the sub-scanning direction is referred to as H, as shown in Fig. 4C. It is 
because the beam spot BS falls within the slit 48A. 

H > 2h2 [7] 
[0039] Further, the condition of focusing the beam spot BS with no 
20 deviations (that is, h2 = 0) can deviate from the equation [6]. The following equation 
[6'] holds while the right side of the equation [6] is defined as 0, at the same time, it is 
required that ul & 0 and fey ^ 0. 

Lfcy-LIA + IA 2 =0 [6'] 
[0040] Regarding the equation [6'] as a second-order equation with respect 
25 to the distance LI and the solution of the distance LI has to be a real number. Thus, 
the following equation [8] is derived based on a relationship between factors in the 
equation [6']. 

(-L) 2 -4fcyL>0 [8] 

[0041] Therefore, the beam spot BS can be properly focused at a focal point 
30 on the beam detector 49 with no deviation, when the following equation [9] is 
satisfied. 

L > 4 fey [9] 
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[0042] Even if the beam spot BS can not be focused at the focal point on the 
beam detector 49 properly and includes some deviation h2 (that is, L<4fcy), it is 
preferable that the deviation h2 is minimized. To obtain the minimum of the 
deviation h2, the equation [6] is differentiated with respect to LI and the differentiated 
5 equation is defined as 0, as indicated by the following equation [10]. 

(dhl/dLl) = (ul/fcyX- L + 2Ll) [ 1 0] 

[0043] As it is required ul ^ 0 and fey * 0, the following equation [1 1] is 
derived from the equation [10]. 

Ll = L/2 [11] 
10 [0044] It is therefore preferable to arrange the second cylinder lens 14 so as 

to satisfy the equation [1 1], in case that the beam spot BS can not be fully converged 
in the sub-scanning direction. However, it is not always necessary to satisfy the 
equation [1 1], as long as the equation [7] is satisfied. 

[0045] As described above, according to this embodiment of the invention, 
1 5 the beam detector 49 detects the laser beam LB that has passed through the first fB 
lens 21, but has not passed through the second fB lens 22, and determines the scan 
start time with high precision. Therefore, the beam detector 49 is not necessarily 
provided at the periphery of the second fB lens 22 and the photosensitive drum 77. 
This allows a saving in space around the second fB lens 22 and the photosensitive 
20 drum 77. In addition, the first cylinder lens 13 and the second cylinder lens 14 are the 
same component. By using such common components, the structure of the laser beam 
scanner 12 according to the invention can be accomplished without an increase in 
manufacturing costs. 

[0046] Next, the laser beam scanner 12 according to another embodiment of 
25 the invention will be described while referring to Fig. 7. Fig. 7 is a perspective view 
of the laser beam scanner 12 of another embodiment. Like parts and components are 
designated by the same reference numerals to avoid duplicating descriptions. The 
laser beam scanner 12 of this embodiment has a similar structure to the laser beam 
scanner of the above-explained embodiment, but the first cylinder lens 13 doubles as 
30 the second cylinder lens. 

[0047] The laser beam LB emitted from the laser beam source 47 is 
converged by the first cylinder lens 13 to the polygon mirror 23, and is deflected by 
the polygon mirror 23. The deflected laser beam LB is converged by the first fB lens 
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21 in the main-scanning direction, and then, is deflected by the mirror 25 to the first 
cylinder lens 13. The laser beam LB is converged by the first cylinder lens 13 to the 
beam detector 49. 

[0048] As in the previously described embodiment, it is also preferable that 
5 the distance L' from the polygon mirror 23, via the first cylinder lens 13 and the 

mirror 25, to the beam detector and the focal length fey' of the first cylinder lens 13 
satisfy the following equation [9'] in this embodiment, to converge the beam spot BS 
properly at a focal point on the beam detector 49. 

L'>4fcy' [9'] 
1 0 [0049] Even if the beam spot BS can not be focused on the beam detector 49 

properly, it is essential to satisfy the equation [7], and it is preferable to satisfy the 
following equation [IT], wherein LI 9 stands for the distance from the polygon mirror 
23 via the first fB lens 21 and the mirror 25 to the first cylinder lens 13. 

LV=T/2 [IV] 
15 [0050] Further, according to this embodiment, it is not necessary to provide 

the second cylinder lens, because the first cylinder lens doubles as the second cylinder 
lens. This reduces a burden of arranging the optics in the laser beam scanner, thereby 
improving manufacturing efficiency and, at the same time, cutting manufacturing 
costs. 

20 [0051] Although the invention has been described referring to the 

embodiment, the invention is not limited to the above embodiment, and those skilled 
in the art will easily conceive that various improvements and modifications can be 
made without deviating from the scope of the invention. 

[0052] For example, the cylinder lens could be replaced with any other type 

25 of lens or a combination of other lenses that can converge the laser beam in one 
direction. 

[0053] Moreover, the laser beam scanner of the invention will find wide 
application in various fields, including copiers and fax machines, and is not limited to 
laser printers. 
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